###### Strength and limitations of this study

-   The study for the first time reports the dietary habits of type-2 diabetes mellitus (T2DM) participants from across India.

-   The study neutralises the myths associated with differences in dietary habits in different regions of India.

-   The dietary habits of T2DM participants are not much different from those of non-T2DM participants.

-   A possible limitation of the study includes the small sample size and the possibility of measurement error of diet and covariates.

-   Population flow was mostly from specialty endocrinology/diabetology centres from urban areas.

Introduction {#s1}
============

According to a recent scenario, diabetes is becoming a global public health problem, especially in India. Obesity, especially central obesity, and increased visceral fat due to physical inactivity and consumption of high-calorie/high-fat and high-sugar diets are major contributing factors for it.[@R1] In India, as urbanisation and economic growth occur, there are major deviations in the dietary pattern that are influenced by varied cultural and social customs. Environmental and lifestyle changes resulting from industrialisation and migration to an urban environment from rural settings may be responsible to a large extent in contributing to the epidemic of type-2 diabetes mellitus (T2DM) in Indians.[@R2]

Barring a few smaller studies[@R3] [@R4] from the southern part of India, we do not have any studies that document the dietary contents of patients with T2DM from across India. There was a need to conduct a dietary survey considering the diverse dietary food habits in various parts of India. The objective of this study (STARCH: Study To Assess the dietaRy CarboHydrate content of Indian type-2 diabetes population) was to assess the total and complex carbohydrate (CHO) contents in the daily diet of T2DM participants. Our study not only provides preliminary information on the dietary carbohydrate, fat and protein contribution in food consumed by T2DM participants but also shows how it compares with non-T2DM participants from pan India.

Research design and methods {#s2}
===========================

Study design and study participants {#s2a}
-----------------------------------

Our study was an exploratory cross-sectional, single-visit, two-arm, multicentre, single-country survey. Study participants were enrolled (from March 2012 to September 2012) from 10 sites across all regions of India, viz; East, North, West, South and central, considering different dietary patterns. Participants were enrolled from endocrinology/diabetology clinics/hospitals with clinical research facilities during routine outpatient visits. Study participants were not provided with any incentives for participation in the study. Participants aged ≥18 years of either sex, diagnosed with T2DM for at least 12 months, were eligible in the T2DM group, whereas participants not on any diet plan or dietary advice and who visited for acute illnesses/conditions that do not affect inclusion in the survey were included in the non-T2DM group. Moreover, non-T2DM participants were matched to T2DM participants with respect to age, sex and centre. Patients with specific comorbidities that may impact daily diet, with chronic diseases, or a weight management plan that includes dietary modifications or dietary alterations were excluded from the study. All participants provided written informed consent.

Dietary survey methodology {#s2b}
--------------------------

A dietary survey form, a 3-day dietary recall, and a validated Food Frequency Questionnaire (FFQ) were completed by a qualified dietitian or trained study coordinator. Dietary assessment included general dietary information (vegetarian or mixed), status of diet plan advised by the physician, and information about dietary patterns for both groups with the help of the dietary survey form, which included questions about the diet consumed during two typical working days and during one typical weekend day (usually Sunday). The final dietary assessment was done using the 3-day dietary recall data.

Primary and secondary outcomes {#s2c}
------------------------------

Primary outcome variables were the percentage of total energy intake as total CHO and complex CHO intake from total CHO in the T2DM group. The percentage of total energy intake from CHO was calculated as the sum of percentage of energy intake from complex CHO and simple CHO. Secondary outcome variables include the difference in the percentage of total energy intake as total, complex and simple CHO, proteins and fats between T2DM and non-T2DM participants, percentage of patients with T2DM who adhere to the diet plan, glycaemic control as per American Diabetes Association (ADA) criteria[@R5] (glycated hemoglobin (HbA1c) \<7%, fasting blood glucose (FBG) between 70 and 130 mg/dL, postprandial blood glucose (PPBG) \<180 mg/dL) and the utilisation pattern of antidiabetic drugs.

Statistical analysis and evaluations {#s2d}
------------------------------------

It was assumed that at least 50% of the total energy intake comes from CHO and at least 50% of the complex CHO intake comes from total CHO in T2DM participants. Thus, 385 T2DM participants were required to achieve an allowable error of 5% where the allowable error is half the width of a 95% CI. Taking missing data into consideration, we planned to conduct the survey with a total of 400 participants in each group. All analyses were performed on the eligible participants. The primary descriptive analysis of the data was performed using basic summary statistics. Further descriptive measures such as n, mean, median, SD, first quartile (Q1), third quartile (Q3), minimum and maximum were calculated for continuous variables. Percentages were calculated based on non-missing values. Frequency and percentage were calculated for categorical variables. For continuous variables, the mean change was compared statistically between T2DM and non-T2DM groups using either the independent t test or the Mann-Whitney U test based on normality of the data. The tests were carried out at a 5% level of significance and a p value ≤0.05 was considered as significant. Other comparisons specified in the secondary variables were carried out similarly. As per recommendations of the National Institute of Nutrition[@R6] (NIN) and Indian Consensus Guideline[@R7] for Healthy Eating, a balanced diet should provide approximately 50--60% of total calories from CHO (preferably from complex CHO), approximately 10--15% calories from proteins, and approximately 20--30% calories from visible and invisible fats. Data were stratified as per CHO consumption: below NIN recommendation (\<50%), as per recommendation (50--60%), and above recommendation (\>60%) to capture the natural distribution of patients within these stratifications. In addition, we also compared the findings with the WHO Expert group recommendations, that is, total CHO should provide 55--75% total energy and that free sugars should provide less than 10% energy.[@R8] For categorical variables, the number and percentage of participants were considered. Continuous data are presented in this article as the mean and SD. Statistical evaluations were performed using the software SAS, V.9.1.3.

Results {#s3}
=======

Demographics and lifestyle characteristics {#s3a}
------------------------------------------

A total of 796 participants were enrolled in the study; of those, two were screen failures and no participant declined to participate in our study. The remaining 794 participants (385 in the T2DM group and 409 in the non-T2DM group) completed the survey. Region-wise recruitment was as follows: north region (n=160), east region (n=180), south region (n=158), west region (n=116), and central region (n=180). The demographic characteristics of the analysed participants are summarised in [table 1](#BMJOPEN2014005138TB1){ref-type="table"}. The mean (SD) age of the T2DM group was 53.4 (11.16) years and of the non-T2DM group was 42.5 (12.55) years. Of the 794 participants, 195 (50.6%) and 175 (42.8%) male participants were from T2DM and non-T2DM groups, respectively. The mean (SD) duration of diabetes (years) was 8.7 (5.95). The mean (SD) body mass index (BMI; kg/m^2^, mean (SD)) in T2DM and non-T2DM groups was 26.4 (4.4) and 26.7 (5), respectively. The region-wise BMI (kg/m^2^, mean (SD)) was 25.06 (3.7) and 25.22 (3.53) for the east region, 26.15 (4.4) and 30.87 (7.1) for the west region, 26.79 (4.3) and 25.9 (3.8) for the north region, 26.61 (3.5) and 25.66 (3.6) for the south region, and 26.87 (5.0) and 26.25 (4.4) for the central region in the T2DM and non-T2DM groups, respectively. The diet in T2DM and non-T2DM groups was composed of nearly equal (±5%) distribution of vegetarian and mixed diet (vegetarian plus non-vegetarian). In T2DM (n=385) and non-T2DM groups (n=409), 248 (64.4%) and 176 (43%) participants were doing exercise. Among them, 228 (91.9%; n=248) and 150 (85.2%; n=176) were reported to be doing exercise regularly in T2DM and non-T2DM groups, respectively; 40.3% (n=155) and 59.2% (n=228, data not available for two participants) in the T2DM group reported active and sedentary lifestyles, respectively.

###### 

Demographic characteristics of T2DM and non-T2DM groups (n=794)

  Parameters                         T2DM (n=385)    Non-T2DM (n=409)
  ---------------------------------- --------------- ------------------
  Age (years, mean (SD))             53.4 (11.16)    42.5 (12.55)
  Gender, n (%)                                      
   Male                              195 (50.6)      175 (42.8)
   Female                            190 (49.45)     234 (57.2)
  Body weight (kg), n (%)            66.45 (11.51)   68.54 (12.89)
  Body mass index (kg/m^2^), n (%)   26.4 (4.4)      26.7 (5.0)
  Socioeconomic status, n\* (%)                      
   Lower class                       8 (2.1)         1 (0.2)
   Upper lower                       64 (16.6)       12 (2.9)
   Lower middle                      54 (14.0)       39 (9.5)
   Upper middle                      195 (50.6)      261 (63.8)
   Upper class                       64 (16.6)       96 (23.5)
  Diet, n (%)                                        
   Vegetarian                        170 (44.2)      195 (50.6)
   Mixed diet                        215 (55.8)      190 (49.4)

\*The socioeconomic status was analysed using Kuppuswamy\'s scale, which is based on three parameters: education of head of family, occupation and family income (per month).[@R9]

T2DM, type-2 diabetes mellitus; non-T2DM, non-type-2 diabetes mellitus.

Primary and secondary outcomes {#s3b}
------------------------------

In the T2DM group (n=385), the mean (SD) percentage of total energy intake as total CHO was 64.1±8.3 (95% CI 63.3 to 64.9), as complex CHO was 57.0±11.0 (95% CI 55.9 to 58.1) and as simple CHO was 7.1±10.8 (95% CI 6.0 to 8.2). The mean (SD) percentage of complex CHO intake from total CHO was 89.5±15.3 (95% CI 88.0 to 91.1). The overall summary and comparative analysis of T2DM and non-T2DM participants is presented in [table 2](#BMJOPEN2014005138TB2){ref-type="table"}. The region-wise mean CHO intake (%, mean (SD)) is summarised in [table 3](#BMJOPEN2014005138TB3){ref-type="table"}.

###### 

Secondary outcome: summary and comparative analysis of dietary content of T2DM and non-T2DM groups

                                               T2DM (N=385)       Non-T2DM (N=409)    Mean difference between groups‡   p Value
  -------------------------------------------- ------------------ ------------------- --------------------------------- -----------
  Total calories per day (kcal)                                                                                         
  Mean (SD)                                    1547.46 (610.02)   2132.23 (1892.48)   584.77 (1423.17)                  \<0.0001†
  Total simple CHO per day (g)                                                                                          
  Mean (SD)                                    28.25 (44.60)      90.867 (149.51)     62.61 (111.71)                    \<0.0001†
  Total complex CHO per day (g)                                                                                         
  Mean (SD)                                    217.88 (91.48)     259.85 (136.89)     41.97 (117.09)                    \<0.0001†
  Total CHO per day (g)                                                                                                 
  Mean (SD)                                    246.13 (91.64)     350.72 (252.95)     104.58 (192.44)                   \<0.0001†
  Total proteins per day (g)                                                                                            
  Mean (SD)                                    57.11 (74.01)      57.89 (27.23)       0.78 (55.11)                      0.0539†
  Total fat per day (g)                                                                                                 
  Mean (SD)                                    37.16 (18.56)      55.30 (98.19)       18.14 (71.65)                     \<0.0001†
  Percentage of total energy simple CHO (%)                                                                             
  Mean (SD)                                    7.09 (10.85)       13.91 (13.86)       6.82 (12.49)                      \<0.0001†
  Percentage of total energy complex CHO (%)                                                                            
  Mean (SD)                                    57.00 (11.01)      52.92 (13.32)       −4.08 (12.25)                     0.0001†
  Percentage of total energy total CHO (%)                                                                              
  Mean (SD)                                    64.09 (8.28)       66.83 (9.15)        2.74 (8.74)                       \<0.0001†
  Percentage of total energy proteins (%)                                                                               
  Mean (SD)                                    14.33 (4.45)       12.01(3.23)         −2.32 (3.87)                      \<0.0001†
  Percentage of total energy fats (%)                                                                                   
  Mean (SD)                                    21.56 (7.89)       21.15 (9.05)        −0.41 (8.51)                      0.0637†

†Mann-Whitney U test used to calculate the p-value based on the normality assumption. Test performed at 5% significance level and p≤0.05 indicates significance.

‡Mean difference between groups=mean of the non-T2DM group-mean of the T2DM group.

CHO, carbohydrate; T2DM, type-2 diabetes mellitus; non-T2DM, non-type-2 diabetes mellitus.

###### 

Region-wise mean CHO (in %, mean (SD) and g/day) intake in the T2DM group

            T2DM group                                            
  --------- ------------ ------------ ------------- ------------- -----------
  East      90           20.2 (9.9)   45.2 (8.2)    65.4 (6.8)    255 (47)
  West      46           0.4 (1.5)    60.5 (7.3)    60.9 (7.3)    225 (59)
  North     80           0.9 (1.7)    61.8 (5.6)    62.7 (5.1)    235 (66)
  South     79           6.8 (12.4)   55.5 (11.7)   62.3 (12.9)   228 (68)
  Central   90           3.1 (4.6)    64.1 (7.7)    67.2 (5.6)    273 (151)
  All       385          7.1 (10.8)   57.0 (11.0)   64.1 (8.3)    246 (92)

CHO, carbohydrate; T2DM, type-2 diabetes mellitus.

In the non-T2DM group (n=409), the mean (SD) percentage of total energy intake as total CHO was 66.8 (9.1, 95% CI), as complex CHO was 52.9 (13.3, 95% CI 51.6 to 54.2), and as simple CHO was 13.9 (13.8, 95% CI 12.6 to 15.2). The region-wise CHO intake (in %, mean (SD)) is summarised in [table 4](#BMJOPEN2014005138TB4){ref-type="table"}.

###### 

Region-wise mean CHO (%, mean (SD) and g/day) intake in the non-T2DM group

  Region    Non-T2DM group                                             
  --------- ---------------- ------------- ------------- ------------- -----------
  East      90               10.3 (6.3)    54.3 (13.2)   64.6 (9.0)    342 (149)
  West      70               22.7 (18.6)   43.7 (16.2)   66.4 (10.8)   523 (520)
  North     80               4.4 (2.1)     62.9 (4.9)    67.3 (4.8)    268 (82)
  South     79               20.6 (17.3)   45.3 (9.1)    65.9 (13.5)   295 (123)
  Central   90               13.4 (10.4)   56.5 (10.8)   69.8 (3.9)    347 (96)
  All       409              13.9 (13.9)   52.9 (13.3)   66.8 (9.1)    351 (253)

CHO, carbohydrate; non-T2DM, non-type-2 diabetes mellitus.

The mean (SD) of total calorie intake per day (kcal) was 1547 (610, 95% CI 1486 to 1608) and 2132 (1892, 95% CI 1948 to 2316), respectively, for T2DM and non-T2DM groups. The mean (SD) of total CHO intake per day (g) was 246 (92, 95% CI 236 to 255) and 351 (253, 95% CI 326 to 357); total protein intake per day (g) was 57 (74, 95% CI 49 to 64) and 58 (27, 95% CI 55 to 60); and total fat intake (g) per day was 37 (18, 95% CI 35 to 39) and 55 (98, 95% CI 45 to 65), respectively, for T2DM and non-T2DM groups. The mean (SD) of percentage of total energy intake from total CHO was 64.1 (8.2, 95% CI 63.3 to 64.9) and 66.8 (9.1, 95% CI 65.9 to 67.7), from protein was 14.3 (4.4, 95% CI 13.9 to 14.8) and 12.0 (3.2, 95% CI 11.7 to 12.3), and from fats was 21.5 (7.9, 95% CI 20.8 to 22.4) and 21.1 (9.0, 95% CI 20.3 to 22.0), respectively, for T2DM and non-T2DM groups. There was a significant difference between T2DM and non-T2DM groups (Δ 2.7±8.7%, Δ −2.3±3.9%; p≤0.0001) for total energy intake from total CHO and proteins (% energy). There was no significant difference between T2DM and non-T2DM groups (Δ −0.4±8.5%; p=0.0637) for total energy intake from fats (% energy). The region-wise mean percentage of total energy intake from macronutrients in T2DM and non-T2DM groups is summarised in [figures 1](#BMJOPEN2014005138F1){ref-type="fig"} and [2](#BMJOPEN2014005138F2){ref-type="fig"}, respectively. Among the T2DM group (n=385), 169 (43.9%) patients were vegetarian and 216 (56.1%) were on a mixed diet. Similarly, 194 (47.3%) participants were vegetarian and 215 (52.6%) were on a mixed diet in the non-T2DM group (n=409).

![Regionwise macronutrient composition in the type-2 diabetes mellitus group (% energy intake).](bmjopen2014005138f01){#BMJOPEN2014005138F1}

![Regionwise macronutrient composition in the non- type-2 diabetes mellitus group (% energy intake).](bmjopen2014005138f02){#BMJOPEN2014005138F2}

In the T2DM group (n=385), 218 (56.6%) participants were advised a diet plan by their physician. The adherence to a prescribed diet was recorded as a yes or no outcome by asking participants whether they adhered to the diet plan. We considered this approach as appropriate due to the cross-sectional nature of this survey. From patients with T2DM who were advised a diet plan (n=218), 147 (67.4%) self-reported adherence. The most common reasons for non-adherence (n=71) were not being bothered about the suggested diet plan (48, 67.6%), not liking the advised diet (13, 18.3%), lack of support to prepare the advised diet (4, 5.6%) and other reasons not specified (6, 8.4%). The CHO consumption and glycaemic parameters as per the diet plan adherence is depicted in [table 5](#BMJOPEN2014005138TB5){ref-type="table"}; however, the relationship between this covariate was not analysed further.

###### 

CHO consumption and glycaemic parameters with respect to diet plan adherence in the T2DM group

  Parameters                                  Diet plan                      
  ------------------------------------------- -------------- --------------- --------------
  Total CHO intake (%, SD)                    63.4 (9.3)     60.4 (7.1)      66.2 (6.9)
  Complex CHO intake (%, SD)                  54.1 (11.9)    56.1 (9.4)      60.0 (10.1)
  Simple CHO intake (%, SD)                   9.4 (13.2)     4.3 (7.4)       6.2 (9.3)
  FBG (mg/dL)                                 n=100          n=61            n=153
   mg/dL, mean (SD)                           146.1 (62.0)   142.2 (54.4)    151.8 (62.9)
   Control level\* (70--100 mg/dL) (n, (%))   52 (35.4)      30 (42.3)       70 (41.9)
  PPBG (mg/dL)                                n=97           n=60            n=153
   mg/dL, mean (SD)                           220.2 (78.7)   212.1 (100.6)   223.1 (93.0)
   Control level\* (\<180 mg/dL) (n, (%))     34 (23.1)      29 (40.8)       53 (31.7)
  HbA1c (%)                                   n=96           n=59            n=1544
   Per cent, mean (SD)                        8.0 (1.7)      7.8 (1.8)       8.4 (2.2)
   Control level\* (\<7%) (n, (%))            27 (18.4)      26 (36.6)       46 (27.5)

\*As per ADA criteria,[@R5] that is, HbA1c \< 7%, FBG between 70 and 130 mg/dL, and PPBG \<180 mg/dL.

ADA, American Diabetes Association; CHO, carbohydrate; FBG, fasting blood glucose; HbA1c, glycated hemoglobin; PPBG, postprandial blood glucose; T2DM, type-2 diabetes mellitus.

In our study, the mean (SD) HbA1c (%, n=299) was 8.2 (2.0), FBG (mg/dL, n=314) was 148.2 (61.0), and 2 h PPBG (mg/dL, n=309) was 220.0 (90.2) in the T2DM group. For glycaemic control as per the ADA[@R6] criteria, of the 299 participants, 33.1% (n=99) had HbA1c \<7%; of the 314 participants, 48.4% (n=152) had FBG between 70 and 130 mg/dL; and of the 309 participants, 37.5% (n=116) had 2 h PPBG \<180 mg/dL. This means 66.9%, 51.6% and 62.5% of the participants had HbA1c, FBG and 2 h PPBG above the recommended levels.

In the T2DM group, after stratifications as per per cent energy from CHO consumption \<50%, 50--60% and \>60%, the mean (SD) of 2 h PPBG (mg/dL) was 225.0 (91.8), 206.2 (91.6) and 224.5 (89.4), respectively ([table 6](#BMJOPEN2014005138TB6){ref-type="table"}). There was a trend towards increasing 2 h PPBG with an increase in CHO consumption (% energy) if we consider participants with per cent energy consumption ≥50% from CHO (n=16, consuming \<50% of total energy from CHO, hence not considered). However, the current study was not powered to investigate the effect of CHO consumption and relationship with glycaemic control. We present the observations from our study without doing further analysis considering the various confounder factors like age, sex, BMI, drug therapy, duration of disease, etc. We suggest further research to investigate correlation between % CHO consumption and 2 h-PPBG and other glycaemic parameters.

###### 

Glycaemic level after stratification by per cent energy from CHO consumption in the T2DM group (descriptive observation)

  ----------------------------------------------------------------------------------------------------------------------------
  Blood glucose parameters         Percentage of total energy intake from CHO stratification                   
  -------------------------------- ----------------------------------------------------------- --------------- ---------------
  FBG (mg/dL) mean (SD) (n=314)    150.8 (61.6)\                                               147.0 (65.6)\   148.3 (59.6)\
                                   n=16                                                        n=76            n=222

  PPBG (mg/dL) mean (SD) (n=309)   225.0 (91.8)\                                               206.2 (91.6)\   224.5 (89.4)\
                                   n=16                                                        n=77            n=216

  HbA1c (%) mean (SD) (n=299)      8.2 (1.2)\                                                  8.0 (1.8)\      8.2 (2.1)\
                                   n=16                                                        n=78            n=205
  ----------------------------------------------------------------------------------------------------------------------------

CHO, carbohydrate; FBG, fasting blood glucose; HbA1c, glycated hemoglobin; PPBG, postprandial blood glucose; T2DM, type-2 diabetes mellitus.

The most commonly used antidiabetic medications were metformin (77.8%, n=298), sulfonylureas (SU) (72.6%, n=278), α-glucosidase inhibitors (AGIs) (26.4%, n=101), thiazolidinedione (TZD) (24.0%, n=92), insulin (20.6%, n=79) and dipeptidyl peptidase-IV inhibitors (DPP4-I) (13.6%, n=52).

Discussion {#s4}
==========

Our study shows that T2DM participants belonging to any part of India consume high CHO in their diet if we compare with dietary recommendations.[@R6] [@R7] Our study showed that 64.1±8.3% (95% CI 63.27 to 64.93) of total calories came from total CHO in the T2DM group. This suggests that CHO consumption by T2DM participants in India is higher (Δ4.1% above the upper limit of 60%) than that recommended by the guidelines[@R6] [@R7] and within the recommended limits as per the WHO expert consensus.[@R9] Recently, Sivasankari *et al*[@R4] reported a similar dietary pattern of T2DM participants from south India (CHO ∼65%, P∼11.5%, and F∼23.5%). Studies from the West[@R10] reported just 39--49% energy intake from CHO in the diet, which is much lower than that reported in our study. This further shows that our participants consume high CHO in their diet compared to the western population. T2DM participants seem to be well aware of the importance of restricting the consumption of simple CHO to \<10% as per the recommendations of NIN,[@R6] the Indian consensus statement,[@R7] and the WHO expert recommendations[@R8] (7.1±10.8% (95% CI 6.0 to 8.2) of total energy came from simple CHO). In region-wise analysis, only the eastern region reported a higher consumption of simple CHO (20.2±10.0%, 95% CI 18.1 to 22.3); subsequently, a lower consumption of complex CHO (45.2±8.2%, 95% CI 43.5 to 47.0) was observed. This reflects the typical dietary pattern of participants from eastern India.

Total calorie intake (1547.5±610.0 kcal, 95% CI 1486.3 to 1608.6) appears in the recommended range of daily allowance in the T2DM group (1329--1993 kcal/day, considering mean weight (66.45 kg) and caloric requirements (20--30 kcal/kg/day) as per Misra *et al*.[@R7] In the non-T2DM group (n=409), 66.8±9.1% (95% CI 65.9 to 67.7) of total energy came from total CHO. The difference between T2DM and non-T2DM groups was 2.7% (p\<0.001). As expected, the non-T2DM group consumed simple CHO at a higher level than the recommended level (13.9±13.9%, 95% CI 11.1 to 15.3) and had a relatively lower consumption of complex CHO (52.9±13.3%, 95% CI 51.6 to 54.2). These findings were similar to those reported earlier by Radhika *et al.*[@R11]

The comparison of macronutrients (ie, region-wise CHO, fat and protein) revealed a similar pattern of dietary consumption, that is, high CHO and a lower range of fat and protein ([figure 1](#BMJOPEN2014005138F1){ref-type="fig"}). This study neutralises the myth that only the south Indian population consumes high CHO in their diet (rice, idli and so on). A similar dietary pattern was also reported in non-T2DM participants ([figure 2](#BMJOPEN2014005138F2){ref-type="fig"}).

Our study shows that only 38.1% of total T2DM participants (n=385, refer [table 5](#BMJOPEN2014005138TB5){ref-type="table"}) adhere to a diet. This finding is similar (37%, adherence to diet) to that in a study reported by Shobana *et al*[@R12] earlier from south India. Moreover, adherence to the diet plan was higher (64.4%, n=218, refer [table 5](#BMJOPEN2014005138TB5){ref-type="table"}) in T2DM participants who were advised a diet plan by their physicians, but a little lower than that reported by Patel *et al*[@R13] (73%) in a study from western India. These data further suggest the need for all people with T2DM to receive regular nutritional counselling from a dietitian/physicians. We suggest that people with T2DM should be encouraged to achieve optimal metabolic control through a balance of food intake, physical activity and medication to avoid long-term complications. Most importantly, specific dietary recommendations should be individualised to accommodate the person\'s preferences and lifestyle to enhance the acceptance and adherence to the diet plan.

The cross-sectional study provides a good opportunity to assess glycaemic control in T2DM participants. In our study, 66.9% of T2DM participants had HbA1c above the targeted 7% (non-adjusted for co-variables). Patel *et al*[@R13] reported similar findings in their study (35% had HbA1c \<7%). In T2DM participants, higher blood glucose levels may reflect poor compliance to therapy, poor physical activity, poor awareness of cut-off points, importance of diet and so on. Engaging the physicians, trained dietician and people with diabetes for increasing awareness of lifestyle changes to prevent long-term complications is clearly warranted.

The amount of CHO consumed affects blood glucose levels and insulin responses.[@R7] In our study, there was a trend (non-significant) towards higher consumption of CHO with high 2 h PPBG levels. Manobala *et al*[@R14] reported that an increase in dietary CHO (% of energy), glycaemic load and weighted glycaemic index was associated with an increase in HbA1c levels.

In our study, the most commonly prescribed antidiabetic drug class was metformin (77.8%) followed by sulfonylurea (72.6%), α-glucosidase inhibitors (26.4%), thiazolidinedione (24.0%), insulin (20.6%) and dipeptidyl peptidase-IV inhibitors (13.6%). A similar pattern of drug use was reported earlier in a small study from northern India.[@R15]

Our study shows that T2DM participants consume high CHO in their diet, which has a direct effect on postprandial blood glucose and insulin response.[@R7] In addition to dietary and lifestyle modifications, multiple therapeutic strategies like AGIs, SU, Insulin, DPP4-I and glucagon-like-peptide---1 analogues may benefit T2DM participants. Metformin was the most commonly used antidiabetic agent in our study. It is a hypoglycaemic agent that has been widely used in clinical practice for more than half a decade to treat diabetes. It is as safe and effective as monotherapy and can also be used in combination with any other hypoglycaemic agent for treatment of diabetes. Furthermore, it is cost-effective, reduces weight and is weight neutral. It has less incidence of hypoglycaemia as compared to sulfonylurea and insulin and exerts beneficial effects on lipids.[@R16] [@R17] The second most commonly used medication was sulfonylurea. Among sulfonylureas, glimepiride was the one most commonly used. The higher usage of sulfonylurea is probably due to the need to rapidly control the glucose levels and the preference for glimepiride could be due to its lower propensity to cause hypoglycaemia. The next commonly used agents were AGIs (acarbose and voglibose) in our study. AGIs such as acarbose seem to be particularly useful in newly diagnosed T2DM with excessive PPBG, because of their unique mode of action, that is, to delay digestion and absorption of complex CHO and reduce postprandial rise in blood glucose levels.[@R18] [@R19] Usage of AGIs seems to be more in our study compared to that reported previously (26.4% in our study vs 7.6% in Sultana *et al*[@R15]). In an editorial published in the November 2010 issue of the Journal of Association of Physicians of India,[@R20] the author expressed the need for therapeutic agents like AGIs that reduce postprandial hyperglycaemia and hyperinsulinaemia and also increase incretin levels (glucagon-like peptide-1) early in the course of T2DM. This strategy may have a more prominent role in an Indian setting where the role of AGIs is even more significant as meal component is rich in CHO as seen in this study.[@R20] However, we need to investigate further the benefit of various therapeutic interventions in high CHO-consuming Indian T2DM participants in a prospective randomised controlled study to examine this hypothesis.

Limitation {#s5}
==========

This study has some limitations; the cross-sectional design of the study does not allow us to make inferences about the cause (consumption of high CHO) and effect (glycaemic control, rise in PPBG). Another possible limitation of the study includes the small sample size, the possibility of measurement error of diet and covariates. A more detailed analysis of the diet (qualitative) was not planned in this study, which could provide more useful information about the quality and quantity of CHO consumed at various meals during a typical day. We did not perform repeat studies and therefore could not verify the accuracy of our findings. We would like to conduct the post hoc analysis of diet using the available data to further enhance the knowledge on this aspect. Subject flow was mostly from specialty endocrinology/diabetology centres from urban areas and may not completely represent the actual T2DM participants in India.

Conclusion {#s6}
==========

Data from the present cross-sectional study show that CHO constitutes 64.1% of total energy from diet in the T2DM group, which is higher than the recommended level. There was clear non-adherence (self-reported) to dietary advice in the T2DM group. Our findings need to be confirmed in a larger epidemiological survey.
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